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The ability of certain cells in some classical “white” adipose tissue
depots to express UCP1 has been recognized for some 30 years but
has recently attracted considerable interest, for several reasons. One
is that the degree of induction of UCP1 mRNA in these depots may be
very large, up to a more than 100-fold increase in mRNA levels when
the browning process is induced. However, since the highest UCP1
mRNA levels in these depots are b20% of those in classical brown
depots, it could be questioned whether UCP1 protein would be
present in white adipose tissue in sufﬁcient amounts to mediate
signiﬁcant thermogenesis. Indeed, there are only rather few reports
of UCP1 protein (as compared to UCP1 mRNA) in white adipose
tissue. Thus, although much interest has been vested in the browning
phenomenon, indications that the UCP1 is actually associated with
signiﬁcant thermogenic competence have been meager. We have
found that at the mitochondrial level, UCP1 protein is present in
inguinal white fat in a sufﬁcient amount and with sufﬁcient potential
activity to mediate thermogenesis; at the systemic level, the
thermogenic contribution from classical brown-fat UCP1-mediated
thermogenesis would nonetheless still predominate. Thus, although
different depots of brown adipose tissue demonstrate a different
thermogenic potential, the primary function seems similar in all
depots. The analysis of the function and the signiﬁcance of the UCP1-
containing adipose tissues in experimental animals can now
probably be extrapolated to humans. The extrapolation is evidently
that its activity potentially could be exploited to promote human
health.
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Uncoupling protein-2 (UCP2) is involved in various cellular
physiopathological processes such as the glucose and glutamine
oxidation, diabetes, stem cell differentiation, ROS production and
cancer. Attempts to explain the numerous metabolic alterations
associated with gain or loss of function of UCP2 have focused on
potential roles in uncoupling mitochondrial respiration from ATP
generation through a less efﬁcient UCP1-like protonophoric activity.
Although this «uncoupling theory» has been questioned [1] no
alternative mechanisms have been demonstrated up to date. Being
UCP2 a member of the mitochondrial carrier family, we tested the
hypothesis that transport of substrates, other than protons, could
better explain its metabolic effects. The bacterially-expressed
human UCP2 reconstituted into liposomes was shown to exchange
aspartate, malate and oxaloacetate with phosphate. The UCP2
substrate speciﬁcity partially overlaps that of the mitochondrial
dicarboxylate carrier and other putative plant UCPs and is
consistent with the presence in its sequence of structural charac-
teristics typical of the carboxylic acid and keto acid class of
mitochondrial carriers [2]. Yeast phosphate carrier-knockout mito-
chondria expressing UCP2 catalyzed an uptake of Pi and H+. The
higher levels of citric acid cycle intermediates in the mitochondria
of siUCP2-HepG2 compared to those of wild-type cells and the
transport data indicate that UCP2 catalyzes an exchange of
intramitochondrial four carbon (C4) intermediates for cytosolic Pi
by a H+-assisted mechanism, which would be stimulated in vivo by
the electrochemical gradient across the mitochondrial membrane of
respiring cells. By exporting C4 out of mitochondria UCP2 regulates
the entry of acetyl-CoA in the Krebs cycle and the mitochondrial
energetic potential. Our work reveals a novel regulatory mechanism
in cell bioenergetics and provokes a substantial reconsideration of
the physiological and pathological functions ascribed to UCP2 based
on its purported uncoupling properties.
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